Radioimmunoassays for circulating parathyrin and calcitonin used in most laboratories require 0.6-0.7 ml of serum or plasma, or more, for assay of one hormone. Such volumes are often difficult to obtain safely or repeatedly from pediatric patients or in small-animal studies. We modified our existing procedures to markedly decrease sample and reagent requirements. All reagent volumes were proportionately reduced to one-fourth the usual (from 500 l final incubation volume to 125 id), and serum or plasma volumes from 200, 100, and 50 Ml to 50, 25, and 10 jzl. We used smaller (10.3 X 50 mm) tubes and slightly modified the separationwithcharcoal.Results, validated by studies inrats,showed the sensitivity to match thatof the usual assays; inter-and intra-assay variance was < 20%. Simultaneous regular-and reduced-volume assays of parathyrin in sera from 19 children gave almost identical results (r = 0.9987).Both hormones can be assayed in <400 zI of serum.
Reduced-Volume Radloimmunoassaysfor Parathyrinand Calcitonin in Serum, for Use in Pediatric and Small-Animal Studies
Hunter Heath III and Francis P. DiBella' Radioimmunoassays for circulating parathyrin and calcitonin used in most laboratories require 0.6-0.7 ml of serum or plasma, or more, for assay of one hormone. Such volumes are often difficult to obtain safely or repeatedly from pediatric patients or in small-animal studies. We modified our existing procedures to markedly decrease sample and reagent requirements. All reagent volumes were proportionately reduced to one-fourth the usual (from 500 l final incubation volume to 125 id), and serum or plasma volumes from 200, 100, and 50 Ml to 50, 25, and 10 jzl. We used smaller (10.3 X 50 mm) tubes and slightly modified the separationwithcharcoal.Results, validated by studies inrats,showed the sensitivity to match thatof the usual assays; inter-and intra-assay variance was < 20%. Simultaneous regular-and reduced-volume assays of parathyrin in sera from 19 children gave almost identical results (r = 0.9987).Both hormones can be assayed in <400 zI of serum.
Radioimmunoassays
for parathyrin (parathyroid hormone) and calcitonin are of great clinical diagnostic utility in a variety of disease states, including suspected hyperparathyroidism, hypocalcemia, and suspected medullary thyroid carcinoma (1) (2) (3) . However, application of these assays to serum or plasma from infants and children or to studies in small animals is often limited by the volumes of blood obtainable. Furthermore, reagents for these assays (particularly antisera) must be laboriously generated. and are usually in short supply. With these considerations in mind, we modified previously published assays for parathyrin (1) and calcitonin (4) to markedly decrease the required sample volume and extend the supply of precious reagents. The rationale behind these "microassays" is simple and may be generally applicable to radioimmunoassays for other peptide hormones.
Methods
General. bratedhand-held repeating pipettor (Misco, Berkeley, Calif.
94710). The separation on dextran-coated charcoal (1) is modified so that one-fourth the usual amount of charcoal is added in halfthe usual volume of buffer (the relative increase of buffer volume to 1 ml permits "cleaner" phase separation).
Phases are separated by pouring after centrifugation at 2000 rpm for 15 mm, and supernates and pellets are both counted for radioactivity to give a true B/F ratio after correction for "damage" (1 ). It was necessary to modify centrifuge carriers (GLC series; Dupont Instruments-Sorvall, Wilmington, Del. 19898) by placing thick pads in the bottom to support the 10.3 x 50 mm tubes.
Parathyrin.
For assays of parathyrin in human sera, we use the method of Arnaud et al. (1 ),'including antiserum GP-1M. For studies of parathyrin in rat sera, we use the same assay technique, but use antiserum CH-12 (chicken anti-bovine parathyrin), which cross reacts with human, murine (4), and canine parathyrin, at a final dilution of 8000-fold. '311-labeled bovine parathyiin is used as tracer (5000 cpm/tube) and a partly purified human parathyrin preparation (hPTH-P2) from the supernatant culture medium of parathyroid adenomas is used as standard. Results for animal sera are reported in nanogram-equivalents per milliliter (ng-eq/ml).
Calcitonin.
This method is modified from that described by Heath and Sizemore (5) . Antiserum G1701 (goat antihuman CT) is used at a final dilution of 40 000-fold, and cross reacts with human, murine (4), and canine hormone. Synthetic human CT (CIBA Co.) is used for tracer (1311-labeled, 2000 cpm/tube) and standard. Results for animal sera are expressed as picogram-equivalents per milliliter (pg-eq/ ml).
Other. We obtained sera for parathyrmn assay from 19 children, many with mineral metabolic disturbances, ranging in age from two weeks to 15 years (median age, four years) through the courtesy of Dr. E. G. Lufkin, Mayo Medical Laboratories. For the other studies, venous blood was taken from 200-g male rats (Holtzman Co., Madison, Wis.) in the basal state, after a low-calcium diet for five days, and after intraperitoneal injection of ethylenediaminetetraacetate, pentagastrin, or calcium.
Results and Discussion
In multiple simultaneous assays, standard curves for the two hormones in regular and reduced-volume assays had identical slopes (Figures 1 and 2 ) and equivalent variance (intra-and interassay CV <20%). The curves for the reduced-volume assays were shifted four-fold to the left, because only one-fourth as much hormone was added to each tube, indicating final sensitivity identical to that of the regular assay curves. Serum hormone concentrations obtained in these parallel assays were virtually identical (Table 1 and Figure 3) . Complete immunodilution curves of saline extracts from rat thyroparathyroid apparatus were parallel to curves with human standards in both assays. Multiple dilutions of normal basal rat sera showed satisfactory linearity in both parathyrin and calcitonin "microassays" ( Table 2 ). The power of the assays is shown in a study of responses of the two hormones to induced hypercalcemia intherat( Figure 4) : calcitonin was stimulated and parathyrin was suppressed, concurrently, and these responses were linearly related to serum calcium concentration. In other studies,five days of low-calcium diet in- no response to secretagogues in the serum of thyroparathyroidectomized animals. Therefore, the ability of these reduced-volume assays to demonstrate physiologic changes in the concentrations of these two hormones is well-established.
In limited experiments, we could reduce sample and reagent volumes to as little as one-eighth the usual, with fairly good results, but assay variance is increased at those extremely small volumes.
During a series of experiments with 200-g rats, and in attemptingto carry out occasional hormone measurements with limited quantities of human sera, we saw a need for reducedvolume assays of parathyrin and calcitonin. Therefore, we modified and re-validated existing assays for these hormones (1, 4, 5) to markedly decrease sample and reagent volume requirements. Proportionate reduction of all reagents to onefourth the usual volumes allowed reduction of sample additions from 200, 100, and 50 pl to 50, 25, and 10 d. These modifications permit assay of both hormones in serum or plasma, at two or three dilutions, including appropriate noantibody tubes ("damage" controls), with a total specimen volume requirement of <400 pl. While much of our current data pertains to assay of samples from small animals, the assays have been applied to human sara with equally satisfactory results ( Figure 3 ). Although in assays of sara from sick infants and children, or anemic persons, any opportunity to reduce blood volumes required for tests is desirable, perhaps almost as important is the opportunity to conserve precious assay reagents such as antisera and purified hormone for tracer and standard. This technique permits four times the usual number of assays with a given amount of reagent. Similar modifications of other radioimmunoassays might well be feasible when specimens or reagents are limitedin availability.
